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(54) INSPECTION APPARATUS FOR GEAR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inspection 
apparatus, for a gear, by which the quality of the gear 
can be inspected with good accuracy by photographing 
the gear only once. 

SOLUTION: A camera 1 1 photographs a face, on one 
side, which is at right angles to the axial direction of a 
gear (a). An image which is photographed by the camera 
11 is fetched by an image processor 14, and the tip part 
of every tooth at the gear (a) is extracted from the 
fetched image. The image processor 14 accumulates an 
image density regarding respective pixels of the image at 
the extracted tip part of every tooth. The magnitude of 
the accumulated image density expresses the degree of 
a 'droop' at the tip part in the radial direction of every 

tooth, i.e., the quality of every tooth (the quality of the gear (a)). Then, the image processor 14 
judges the quality of the gear (a) on the basis of the accumulates value of the found image 
density. 



LEGAL STATUS 

[Date of request for examination] 



29.10.1997 



http://wwwl9.ipdl.jpo.go.jp/PAl/result/detail/main/wAAAuKaqufDA410206147Pl.htm 



3/26/04 



Searching PAJ 



Page 2 of 2 



[Date of sending the examiner's decision of 11.1 1 .1999 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9.ipdl.jpo.gojp/PAl/result/detail/main/wAAAuKaqufDA410206147Pl.htm 



3/26/04 



Page 1 of 4 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the test equipment of the gearing which inspects a 

gearing's quality used for a clock etc. 

[0002] 

[Description of the Prior Art] Conventionally, Rota 1 as shown in drawing 5 is known as components of 
a clock. As this Rota 1 is shown in drawing 5 , the cylinder-like magnet 3 is attached in the lower part 
side of the shaft 2 with which the whole die length consists of about 3mm, and a gearing 4 is attached in 
the upper part side of a shaft 2 at one. This gearing 4 equips the radial with the gear tooth 5 of eight 
sheets, as shown in drawing 6 . The shaft 2 and gearing 4 of Rota 1 are the mold goods formed in one 
with white plastics. By the way, the following approaches can be considered in order to inspect the 
quality of "sagging" of upper limit section 5a of the shaft orientations of tooth-crest 5b of each gear 
tooth 5 of a gearing 4. 

[0003] The 1st approach photos with a camera the top face which intersects perpendicularly with a 
gearing's 4 shaft orientations, binary-ization-processes the image of this gearing that took a photograph 
with an image processing system, and judges the quality of point 5a of a gear tooth 5 from this 
processing result. Moreover, the 2nd approach photos a gearing's 4 side face with a camera from four or 
more directions, performs processing predetermined with an image processing system to each image of 
this gearing that took a photograph, and judges the quality of point 5a which radial and shaft orientations 
of a gear tooth 5 intersect. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the 1st approach, since a gearing's 4 diameter is 
as small as about 0.8mm, and the defect is minute even when point 5a of a gear tooth 5 has a defect, in 
binary -ized processing, there is a problem that the quality of the gear tooth 5 cannot be judged. 
Furthermore, although the part holding the magnet 3 of Rota 1 shown in drawing. 5. is fixed in the case of 
inspection, since the gearing 4 rotated from the original location by the difference in the dimension of 
that part and a gap will be caused at this time, the problem of being difficult has also specified the 
subject of examination. Moreover, by the 2nd approach, in order to photo a gearing 4 from four or more 
directions, there is a problem that rotate a gearing 4 or two or more cameras are needed. 
[0005] Then, this invention aims at offering the test equipment of the gearing which can inspect a 
gearing's quality with a sufficient precision only by photoing a gearing once. 
[0006] 

[Means for Solving the Problem] In order to attain this purpose, in invention according to claim 1 An 
image pick-up means for a gearing's shaft orientations and while to cross at right angles, and to photo a 
field, and an extract means to extract the point of each gear tooth from the image photoed with this 
image pick-up means, About each pixel of the image of the point of each gear tooth extracted with this 
extract means, a concentration accumulation means to accumulate image concentration, and a quality 
judging means to judge said gearing's quality based on the accumulation value of the image 
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concentration by this concentration accumulation means were provided. Thus, a field is photoed, the 
point of each gear tooth is extracted based on this photoed image, and it was made for while intersecting 
perpendicularly with a gearing's shaft orientations to accumulate image concentration about each pixel 
of the image of the point of each of this extracted gear tooth in invention according to claim 1 . For this 
reason, a dental quality can be inspected only by photoing a gearing once, upwards, the defect of the 
gear tooth which cannot be distinguished only by binary-ization is recognized, and a gearing's quality 
can be inspected with a sufficient precision. 

[0007] A binary-ized means to make the subject-copy image photoed with the image pick-up means in 
the extract means in invention according to claim 1 make it binary in invention according to claim 2, A 
center-of-gravity calculation means to search for a gearing's center of gravity and each center of gravity 
of the predetermined gear tooth of two sheets based on the binary image made binary by this binary-ized 
means, respectively, An inclination calculation means to ask for the inclination to the criteria location of 
a subject-copy image based on each center of gravity searched for with this center-of-gravity calculation 
means, Only the include angle according to the inclination for which it asked with this inclination 
calculation means consists of means which take out each pixel of said subject-copy image contained in 
the inspection zone rotated with a rotation means to rotate the inspection zone set up beforehand, and 
this rotation means. Thus, in invention according to claim 2, since an inspection zone is rotated and it 
was made not to perform a subject-copy rotation of image with much amount of data on the occasion of 
inspection, compared with the case where a subject-copy image is rotated, an image processing is 
comparatively easy and possible for a short time. 
[0008] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the test equipment of the gearing of 
this invention is explained to a detail with reference to drawing..! thru/or drawing. 4 . Drawing.! is the 
block diagram showing the example of a configuration of the gestalt of this operation. A camera 1 1 like 
[ as the test equipment of the gearing of the gestalt of this operation is shown in drawing 1 ] CCD which 
photos the field of either the top face which intersects perpendicularly with those shaft orientations the 
gearing a which is a subject of examination, or an inferior surface of tongue (image sensor), The ring 
lighting 12 which is arranged among this camera 1 1 and Gearing a, and illuminates Gearing a to 
homogeneity, It has the source 13 of the illumination light which is the light source of this ring lighting 
12, the image processing system 14 which captures Gearing's a image photoed with the camera 11, and 
performs a predetermined image processing, and the display (monitor) 15 which displays the image 
photoed with the camera 1 1, and the image which carried out the image processing with the image 
processing system 14. 

[0009] Moreover, although it has the printer 16 which prints the contents displayed on a display 15 with 
the gestalt of this operation, you may make it have this printer 16 if needed. The image processing 
system 14 is equipped with the image memory (not shown) stored when Gearing's a image which the 
camera 1 1 photoed is captured. Furthermore, with the gestalt of this operation, the lens 17 for expanding 
Gearing a between a camera 1 1 and the ring lighting 12 is arranged. An image processing system 14 is 
later mentioned about these the processings of each, although a predetermined image processing like the 
after-mentioned is performed to Gearing's a image photoed with the camera 1 1 and Gearing's a quality is 
judged based on this processing result. 

[0010] Next, actuation of the gestalt of operation which consists of such a configuration is explained 
with reference to the flow chart of dswing.2 and drawing, 3. . in the following explanation, the gearing a 
which is a subject of examination is taken as installation and the gearing 4 which consists of white 
plastics in Rota 1 at one, as shown in drawing 5 and drawing 6 . First, the top face (field which intersects 
perpendicularly with the peripheral surface in which the gear tooth is formed) of the gearing 4 which is a 
subject of examination is photoed with a camera 1 1 (step 1), the image of this photoed gearing 4 is 
captured by the image processing system 14, and it is stored in an image memory. 
[001 1] The subject-copy image which is incorporated by image formation equipment 14 and stored in an 
image memory here is a shade image of for example, 256 gradation. Although the image of that subject- 
copy image is shown in drawing 2 (A), in this image, only a gearing's 4 part is drawn and other parts are 
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omitted. If shade image pretreatment into which a background (white) and a gearing (white) are made to 
divide is performed in order that an image processing system 14 may emphasize a gearing's 4 part to the 
shade image (step 2), the image with which a gearing's 4 part (part of b shown by the arrow head in 
drawing) as shown in drawing, 2 (B) was emphasized will be obtained. Next, if an image processing 
system 14 performs binary -izati on about the shade image with which a gearing's 4 part was emphasized 
using a predetermined threshold (step 3), a binary image as shown in drawing 2 (C) will be obtained. 
[0012] Then, an image processing system 14 performs processing which removes dust (noise) 
unnecessary as processing after binary-izing (step 4), and an image as shown in drawing 2 (D) is 
obtained. Next, an image processing system 14 searches for a gearing's 4 center of gravity from the 
image with which processing after binary-izing was carried out (step 5). Consequently, a gearing's 4 
center of gravity serves as a location shown by + mark of drawing 2 (E). Next, if an image processing 
system 14 extracts only a dental part from a binary image (step 6), an image as shown in drawing 3 (F) 
will be obtained. If each center of gravity of the predetermined gear tooth 5 of two sheets is searched for 
from this image (step 7), each center of gravity of that gear tooth 5 will serve as a location shown by + 
mark of drawing 3 (G). 

[0013] Then, it judges whether based on each gear tooth 5 extracted at step 6, an image processing 
system 14 measures the die length of each gear tooth 5, respectively (step 8), and the die length of each 
of this measured gear tooth 5 is in tolerance (step 9). Since (step 9; N) and a gearing 4 are defectives 
when there is no at least one of the die length of each gear tooth 5 into tolerance as a result of this 
decision, it progresses to step 15, that is displayed on a display 15, and an image processing is ended. On 
the other hand, since (step 9; Y) and a gearing 4 are excellent articles as a result of the decision when all 
the die length of each gear tooth 5 is in tolerance, it progresses to the following step 10. At step 10, from 
the center of gravity of the gearing 4 which asked at step 5, and each center of gravity of the gear tooth 5 
of two sheets for which it asked at step 7, an image processing system 14 detects the inclination to the 
criteria location of a gearing's 4 subject-copy image, and computes the include angle corresponding to 
this detected inclination. 

[0014] Since a gap is between the location of a gearing's 4 direction of a subject-copy rotation of image, 
and the location of the inspection zone set up beforehand, this include angle is computed for being 
unable to specify a subject of examination with a sufficient precision out of a subject-copy image, and 
amending this. Then, only the include angle computed at step 10 rotates [ image processing system / 14 ] 
that inspection zone set up beforehand centering on the center of gravity detected at step 5 for this 
amendment (step 1 1). Thus, since an inspection zone is rotated and the subject-copy image of the 
gearing 4 with much amount of data is not rotated, compared with the case where a subject-copy image 
is rotated, an image processing serves as comparatively easy and a short time. Next, an image processing 
system 14 adds the concentration (brightness) of each pixel contained in each inspection zone in a 
gearing's 4 subject-copy image (part shown by the round mark in dramng„3 (H)), and makes 
concentration accumulate (step 12). 

[0015] Thus, it is because each accumulation concentration value in each inspection zone (here eight 
places) obtained serves as an index with which extent of the size of "sagging" of radial point 5a of a gear 
tooth 5 is expressed, and this shows the quality of a gear tooth 5. That is, radial concentration 
distribution of point 5a of a gear tooth 5 has a small change of the concentration distribution, as 
"sagging" of point 5a of a gear tooth 5 shows drawing 4 (A), in are small and not being poor. On the 
other hand, when "sagging" of point 5a of a gear tooth 5 is a defect greatly, as shown in drawing.4 (B), 
change of the concentration distribution becomes large. For this reason, the size of the accumulation 
value of the concentration of each of that location will show extent of the quality of radial point 5a of a 
gear tooth 5. 

[0016] Then, an image processing system 14 compares each of that calculated accumulation 
concentration value with the reference value (decision value) set up beforehand (step 13). In exceeding 
that reference value as a result of this comparison (for example, each accumulation concentration values 
of all), (step 13; Y) and a gearing 4 are judged to be an excellent article, and it displays that on a display 
15 (step 14), and an image processing is ended. On the other hand, when one of each accumulation 
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concentration values is less than the reference value, (step 13; N) and its gearing 4 are judged as a 
defective, that is displayed on a display 15 (step 15), and an image processing is ended. 
[0017] As explained above, with the gestalt of this operation, based on this photoed image, the top face 
which intersects perpendicularly with a gearing f s 4 shaft orientations is photoed with a camera 11, point 
5a of the gear tooth 5 which is an inspection zone was extracted, image concentration is made to 
accumulate and a gearing's 4 quality was judged based on this accumulation concentration value about 
each pixel of the image of point 5a of this extracted gear tooth 5. For this reason, with the gestalt of this 
operation, the quality of a gear tooth 5 can be inspected only by photoing a gearing 4 once with a camera 
11, upwards, the defect of the gear tooth 5 which cannot be distinguished only by binary-ization is 
recognized, and that gearing's 4 quality can be inspected with a sufficient precision. 
[0018] Moreover, with the gestalt of this operation, the subject-copy image photoed with the camera 1 1 
in the extract of point 5a of the gear tooth 5 which is a subject of examination was made to make it 
binary, and it asked for the inclination from the criteria location of a subject-copy image based on this 
binary image, and the inspection zone where only the include angle according to this inclination for 
which it asked is set up beforehand is rotated, and each pixel of the subject-copy image contained in this 
rotated inspection zone was taken out. Thus, with the gestalt of this operation, since an inspection zone 
is rotated and it was made not to perform a subject-copy rotation of image with much amount of data, 
compared with the case where a subject-copy image is rotated, an image processing is comparatively 
easy and possible for a short time. 

[0019] In addition, although the above explanation has explained the gearing 4 which consists of plastics 
used as clock components as a subject of examination, the gearing of this invention to be examined can 
apply, without being limited to that configuration material, a color, or magnitude. 
[0020] 

[Effect of the Invention] As explained above, according to this invention, photo a field, extract a dental 
point based on this photoed image, image concentration is made to accumulate about each pixel of the 
image of the point of this extracted gear tooth, and a gearing's quality was judged [ intersecting 
perpendicularly with a gearing's shaft orientations ] based on this accumulation concentration value. For 
this reason, in this invention, a dental quality can be inspected only by photoing a gearing once, 
upwards, the defect of the gear tooth which cannot be distinguished only by binary-ization is recognized, 
and that gearing's quality can be inspected with a sufficient precision. 

[0021] Moreover, at this invention, the extract of the point of the gear tooth which is a subject of 
examination rotates the inspection zone where only the include angle to which the photoed subject-copy 
image was made to make it binary, was asked for the inclination from the criteria location of a subject- 
copy image based on that binary image, and this inclination for which it asked responded is set up 
beforehand, and each pixel of the subject-copy image contained in this rotated inspection zone was taken 
out. Thus, in this invention, since an inspection zone is rotated and it was made not to perform a subject- 
copy rotation of image with much amount of data, compared with the case where a subject-copy image 
is rotated, an image processing is comparatively easy and possible for a short time. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the gestalt of operation of this 
invention. 

[Drawing 2] It is the flow chart which actuation of the gestalt of this operation is made to correspond to 
the image of an image, and shows it. 

[Drawing 3] It is the flow chart which actuation of the gestalt of this operation is made to correspond to 
the image of an image, and shows it. 

[Drawi ng 4] It is drawing showing distribution of the image concentration in an inspection zone. 
[Drawing 5] It is drawing showing the configuration of Rota of clock components. 
[Drawing 6] It is drawing where the top face of the gearing attached in this Rota was shown, and the part 
was omitted. 

[Description of Notations] 
Gearing 

4 Gearing 

5 Gear Tooth 
5 a Point 

1 1 Camera 

12 Ring Lighting 

13 Source of Illumination Light 

14 Image Processing System 

15 Display 

16 Printer 
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<0fc6*»fcit>Sje3ilT^4<tt««£, Xf 77*10 

T»aj**iteflfl«;»tiaKS-fr* (^f»7*i 1 ) . c: 

4cOMBt6(ill]K$ii- ; 5:V^t\ JKB(R&BI<E$^:* 
^t:ik^TB««iS^ltl!?fi^a^S^P B U^I.. « 
tCs BTOS^S14(S, fi*4i0ffiB«*c7)#^S 
« (H3 (H) W)Mr&frt»ft) rtfc**n*#B 
^igjg <»K) S-JaaL, ««Srll«$*S (xrv 
7-12) . 

[00 1 5 3 Zcr)Z,olzLX®b1Xh&®Mm (ii 
?)$fcJ8!flI5 a<0 r^^j ^/J^SJSSr^t. Cfi* 1 * 

«jyB»5a^)if5a3srrtoa«#w4» nsntoms 

aco r^pj *»/jNS<^ft-c«rv^ft:ii. 04 (A) 

Ls *5c7)5t«g|55ac7) ryvj ^^<^O^C 
(4, 04 (B) KTjrfid^ 

Uztch. 
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ZfrbK^iolzLtznx. SB**HieS-fr6*^fc: 
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§-ti"T^-r7 n-f-v- b -?£>■§> . 

[03] HSdtoJBflgaffirff;*:. MRovf.x-yfcttJS 

[04] ft^mz&vmimmmifiZ^Tmx'b 
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